ABSTRACT: Two trials were conducted to determine the effects of breed type, backgrounding program, and backfat end point (USBFEP) as determined by ultrasound on the performance and carcass characteristics of feedlot steers. Trial 1 utilized 144 large-framed Charolais-(304.6 ± 16.3 kg) and 144 medium-framed Hereford-cross steers (294.8 ± 20.9 kg). Trial 2 utilized 88 medium-framed Angus (289.5 ± 15.0 kg), 88 largeframed Charolais-(299.8 ± 17.7 kg), and 88 mediumframed Hereford-cross (291.1 ± 20.9 kg) steers. Within breed type, short-(70 d) or long-term (126 d) backgrounding programs (Trial 1) and 6-or 12-mm USBFEP
Introduction
The value-based marketing of cattle involves payment of premiums to feedlot operators capable of supplying animals that meet specific market requirements. For example, many North American packers favor wellmarbled carcasses with a high retail yield. European markets focus more on lean content of the carcass. Optimal carcass weight varies but is typically less than 409 kg and is often in the range of 272 to 363 kg (Van Donkersgoed et al. 1997) .
Frame size is a characteristic of cattle that is related to mature size, with the implication that large-framed cattle will reach a specified level of fatness at heavier weights than small-framed cattle. Research has related frame size to feedlot performance and carcass grading (Tatum et al., 1986a; Dolezal et al., 1993) . Genetic differences among cattle breeds have also been related to differences in fat distribution (Berg and Walters, 1983) . The commercial slaughter of cattle tends to occur at a 1 We appreciate the support of the Canadian Beef Industry Development Fund. The work of the staff of the Beef Cattle Research Unit in care of the animals is also greatly appreciated.
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(Trials 1 and 2) were assigned. In both trials, carcass size was greater (P < 0.05) for the large-framed Charolais-cross steers, longer backgrounding, and fatter US-BFEP treatments. Lean meat yield was greater (P < 0.05) for Charolais-than Hereford-cross steers (Trial 1) and for the leaner USBFEP (Trials 1 and 2). Marbling was greater (P < 0.05) for Angus-(Trial 2) and Charolais-(Trials 1 and 2) than Hereford-cross steers (Trials 1 and 2) and for the fatter end point (Trials 1 and 2). It was concluded that breed type, backgrounding program, and USBFEP were effective in altering growth and could be used to target carcass traits of interest for value-based marketing programs. similar level of carcass fatness. This approximates equal maturity for breeds differing widely in mature size (Kempster et al., 1982) . The selection of animals for slaughter at the same fatness is difficult, but precision can be improved with live-animal evaluation techniques (Bergen et al., 1996) .
Backgrounding and finishing programs are tools used to adjust the time cattle spend in feedlots. Backgrounding involves feeding for moderate growth, allowing for maturation of muscle and bone while restricting fat deposition. Finishing involves the consumption of high concentrate rations to maximize growth and fat deposition prior to slaughter (Coleman et al., 1993) .
Few data exist on how factors such as breed type, backgrounding program length, and carcass fat end point can work together to achieve specific carcass yield and quality grades. The objectives of this study were to evaluate the effects and interactions of breed type, backgrounding program length, and backfat end point on feedlot performance and carcass quality of beef steers.
Materials and Methods
Feedlot Trials. Two feedlot trials were conducted over the winter of 1996-1997 and 1997-1998 at the University of Saskatchewan Beef Research Centre in Saskatoon, Saskatchewan. The treatment structure in Trial 1 consisted of a 2 × 2 × 2 factorial arrangement. Factors included breed type (Charolais-and Hereford-cross), length of backgrounding (referred to as Short and Long), and backfat end point (USBFEP, 6 vs 12 mm) as determined by ultrasound. One hundred and fortyfour Charolais-(304.6 ± 16.3 kg) and 144 Hereford-cross (295.1 ± 20.8 kg) steers were used. The cattle were purchased by a commercial order buyer and represented primarily Charolais or Hereford breeding, respectively. These breed types were chosen to represent commercial cattle typical of large-framed late-maturing and medium-framed early-maturing breeding, respectively. The length of backgrounding was 70 and 126 d for the Short and the Long programs, respectively. Steers were assigned to 24 pens (12 steers per pen) based on breed type and weight such that, within each breed type, each pen was similar in initial body weight. Within a breed type, each pen was randomly assigned to the Short or the Long backgrounding program and the 6-or 12-mm USBFEP.
The treatment structure of Trial 2 was a 3 × 2 factorial arrangement. Main effects were breed type (Charolais-, Angus-, and Hereford-cross steers) and USBFEP (6 vs 12 mm). Eighty-eight medium-framed Angus-(289.7 ± 15.0 kg), 88 large-framed Charolais-(299.8 ± 17.9 kg) and 88 medium-framed Hereford-cross (291.1 ± 20.9 kg) steers were used. The use of two medium-framed breed types allowed for the separation of frame size and breed type effects. The steers were assigned to 24 pens (11 steers per pen) based on breed type and weight such that, within breed type, each pen was similar in initial body weight. Within a breed type, each pen was randomly assigned to the 6-or 12-mm USBFEP. Steers were backgrounded for 70 d, which corresponds to the Short backgrounding used in Trial 1.
Steers in both trials were housed in outdoor pens with protection from prevailing winds via 20% porosity fences and surrounding tree windbreaks. One steer in Trial 1 and three steers in Trial 2 were removed for reasons of illness, injury, or death. In each case, data were removed and pen feed intakes were adjusted accordingly, prior to statistical analysis. Cattle that failed to meet their designated carcass end points by a live body weight of 750 kg, or after 308 d on feed, were slaughtered. There were 15 such cattle in Trial 1 and 7 in Trial 2.
Dietary Treatments. Diets were formulated to be typical of western Canadian backgrounding and finishing diets (Table 1) . A barley-based concentrate was mixed with an appropriate forage source before feeding and was fed as a total mixed diet once daily. Backgrounding feed intake was restricted to limit ADG. The largeframed Charolais-cross steers (Trials 1 and 2) were targeted to gain 1.0 kg/d, whereas the medium-framed Hereford-(Trials 1 and 2) and Angus-(Trial 2) steers were targeted to gain 0.9 kg/d.
At the end of the Short (Trials 1 and 2) or the Long (Trial 1) backgrounding periods, feed intake and diet concentrate content were gradually increased over a 4-wk period to allow ad libitum intake of a high concentrate finishing diet (Table 1) . Ad libitum feeding of the finishing diet continued until the steers were sent for slaughter.
Steers in both trials were weighed individually with body weights taken before the morning feeding. An average of each steer's weight taken on two consecutive days was recorded for initial and final weight, with single weights taken at 14-d intervals throughout the study. All body weights were expressed on a shrunk weight basis (NRC, 1984) .
Ultrasound and Carcass Data. Measurements of initial, end of backgrounding, and final USBFEP and longissimus muscle or ribeye area (USREA) were made using real-time ultrasound as described by Bergen et al. (1996) . All live animal carcass measurements were made on the left side of the animal between the 12th and 13th ribs using an Aloka 500 V echo camera equipped with a 17.2-cm, 3.5-MHz transducer (Overseas Monitor Corporation, Ltd., Richmond, BC). Final USBFEP and USREA measurements were made in duplicate.
The animals were slaughtered at a federally inspected packing plant. Carcass measurements were obtained through the Canadian Beef Grading Agency from the left side of each carcass following knife ribbing between the 12th and 13th ribs. Measurements taken on the exposed surface of the longissimus muscle included marbling score based on USDA standards (0 = devoid; 1 = traces; 2 = slight; 3 = small or greater) and grade fat, which equates to the minimal point of thickness of the subcutaneous fat measured in the fourth quadrant of the longissimus muscle. As well, hot carcass weight was recorded. Commercial seven-bone rib sections (ribs 6 to 12) were collected from the left side of five randomly selected steers from each pen according to guidelines of the Canadian General Standards Board (Anonymous, 1982) . Each rib section was weighed and then dissected into bone, lean, and fat components as described by McKinnon et al. (1993) . Rib fat was further subdivided into subcutaneous, body cavity, and intermuscular fat components.
Statistical Analysis. Data from Trials 1 and 2 were analyzed using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). The models used for statistical analysis (Trial 2) , where is the general mean, A i is the main effect of breed type, B j the main effect of backgrounding program (Trial 1), and C k the USBFEP main effect; AB ij , AC ik , BC jk , and ABC ijk are the two-and three-way interactions, respectively, and e ijkl or e ikl are the appropriate experimental error terms. Pen average values constituted experimental units. Means separation was carried out using the analysis of variance results for Trial 1 and the Student-Newman-Keuls procedure for Trial 2.
Results and Discussion
The targeted USBFEP were 6 and 12 mm of backfat. In Trial 1, actual USBFEP was 7.6 and 11.5 mm ( Table Table 1 . Ingredient make-up and chemical analysis of the backgrounding and finishing diets (Weiss et al., 1992) .
2). To be consistent, USBFEP in Trial 2 were targeted to similar levels (8.3 and 12.4 mm; Table 3 ). In Trial 2, all cattle were backgrounded for 70 d. The longer backgrounding program was not included in the design due to minimal effects on carcass characteristics other than weight, in Trial 1. In both trials, the large-framed Charolais-cross steers had heavier (P < 0.05) initial, end-of-backgrounding, and final BW than the mediumframed Hereford-or Angus-cross steers (Tables 2 and  3) . Greater BW at equal fatness and lower fatness at equal age or BW has been observed for large-relative Means within main effect in the same row with different superscripts are different (P < 0.05).
to small-framed cattle (Tatum et al., 1986a; Dolezal et al., 1993) . In Trial 1, the Long backgrounding resulted in heavier (P < 0.05) end-of-backgrounding and final body weights than the Short backgrounding program. This is in agreement with Coleman et al. (1993) who indicated that backgrounding increased animal size without excessive fattening. Final BW were heavier (P < 0.05) for the 12-than the 6-mm USBFEP in both trials. This is in agreement with data from Buckley et al. (1990) ,who indicated greater BW being required for greater fat content. Means within main effect in the same row with different letters are different (P < 0.05).
Initial (Tables 2 and 3 ) and final (Tables 4 and 5 ) backfats were lower (P < 0.05) for the large-framed Charolais-than for the medium-framed Hereford-or Angus-cross steers in both trials. End-of-backgrounding backfat was lower (P < 0.05) for the Charolias-than for the Hereford-or Angus-cross steers in Trial 2 (Table 3) but not statistically different in Trial 1 (Table 2) . Berg and Butterfield (1976) indicated that the portion of fat deposited subcutaneously is greater for early-maturing, British than late-maturing, Continental breeds. Coleman and Evans (1986) found it necessary to slaughter some of their large-framed steers at less than desired fatness due to excess size, as was the case in the current study. Backfat thickness ranged from 2.0 to 2.4 mm at the end of the backgrounding period. These results suggest that restricting feed in- Interaction present (P < 0.05).
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Means within main effect in the same row with different superscripts are different (P < 0.05).
take to limit daily gains during backgrounding was also effective in limiting backfat accretion. The Long backgrounding (Trial 1) and the 6-mm USBFEP (Trials 1 and 2) resulted in a lower (P < 0.05) final backfat than the Short backgrounding or the 12-mm USBFEP (Tables 4 and 5).
Initial, end-of-backgrounding, and final USREA were larger (P < 0.05) for the large-framed Charolais-than for the medium-framed Hereford-cross steers in both trials (Tables 2, 3 , 4, and 5). In Trial 2, Angus-cross steers had smaller (P < 0.05) initial, end-of-backgrounding, and final USREA than Charolais-cross steers (Tables 3 and 5 ). However, initial and end-ofbackgrounding USREA were larger (P < 0.05) in Angusthan in Hereford-cross steers. The Long backgrounding in Trial 1 increased (P < 0.05) end-of-backgrounding Means within main effect in the same row with different superscripts are different (P < 0.05).
USREA over the Short backgrounding program (Table 2).
A backgrounding program × USBFEP interaction (P < 0.05) was noted for final USREA in Trial 1. Increasing the length of the backgrounding program when steers were fed to the 6-mm USBFEP decreased (P < 0.05) the USREA from 84.1 to 82.0 cm 2 . However, when fed to the 12-mm USBFEP, increasing the length of the backgrounding program increased (P < 0.05) the USREA from 93.0 to 95.3 cm 2 . The 12-mm USBFEP resulted in larger (P < 0.05) final USREA than the 6-mm USB-FEP in Trial 2. According to Perkins et al. (1992) , live BW accounts for a significant amount of variation in USREA. The backgrounding program × USBFEP interaction for final USREA (Trial 1) reflected greater recovery by steers subjected to longer backgrounding when fed to a fatter end point. Other researchers (Lawrence and Pearce 1964a,b) have indicated that cattle can completely recover from periods of restricted growth when given adequate time. Diet × end point interactions for USREA were also noted by Mandell et al. (1997) .
Backgrounding and Finishing Performance. Feed intake during backgrounding was restricted to target a predetermined ADG (Tables 2 and 3 ). In both trials, the large-framed Charolais-cross steers were permitted a greater (P < 0.05) feed intake to target a greater (P < 0.05) ADG than the medium-framed Hereford-(Trials 1 and 2) and the medium-framed Angus-cross (Trial 2) steers. The differential rate of gain during backgrounding was chosen to facilitate skeletal and muscle development of the medium-framed steers prior to being placed on the high-energy finishing ration. This practice is necessary because medium-framed steers initiate fat deposition earlier and at a greater rate than large-framed steers (Berg and Butterfield, 1976) . Minimal treatment effects were noted on feed:gain ratio or in daily accretion of backfat or USREA (Tables 2 and  3 ) during backgrounding.
Finishing DMI was affected only by backgrounding program in Trial 1, with the Long backgrounding resulting in a greater (P < 0.05) finishing DMI than the Short backgrounding program (Table 4) . Hicks et al. (1990) reported that DMI is higher for heavier cattle and decreases with extended time on high concentrate diets. Finishing feed:gain ratios were poorer (P < 0.05) for the large-framed Charolais-cross steers (Trials 1 and 2), the Long backgrounding (Trial 1), and the 12-mm USBFEP (Trials 1 and 2) than for the mediumframed Hereford-(Trials 1 and 2) and Angus-cross (Trial 2) steers, the Short backgrounding, and the 6-mm USBFEP, respectively (Tables 4 and 5 ). Old and Garrett (1987) found Charolais steers to be larger and have lower efficiency of energy utilization for gain than Hereford steers when fed for similar periods of time. Other researchers have reported poorer feed efficiency with increased days on feed as cattle are fed to fatter end points (Barber et al., 1981; Mandell et al., 1997) . The efficiency of fatter cattle is adversely affected by composition of gain (Robelin and Tulloh, 1992) .
The large-framed Charolais-cross steers had a lower (P < 0.05) finishing ADG than the medium-framed Hereford-(Trials 1 and 2) and Angus-cross (Trial 2) steers (Tables 4 and 5 ). Finishing ADG was greater (P < 0.05) for the Long than for the Short backgrounding in Trial 1. The 6-mm USBFEP had a greater (P < 0.05) ADG than the 12-mm USBFEP in both trials. Observations of greater ADG for large-framed cattle are more common (Solis et al., 1989; Tatum et al., 1988) , although exceptions do exist (McKinnon et al., 1993) . The reduced performance of the large-framed steers was likely due to a greater allowed backgrounding gain and greater days on feed. Coleman and Evans (1986) found rate of gain during the growing phase to be negatively correlated with rate of gain in the finishing period. Time on feed has been shown to have variable effects on ADG (Hicks et al., 1987; May et al. 1992 ). However, inherent to sigmoidal growth is the concept that ADG will initially increase and later decrease (Berg and Butterfield, 1976) .
A breed type × USBFEP interaction (P < 0.05) was noted for finishing days on feed in both trials. Increasing USBFEP from 6-to 12-mm increased finishing days on feed from 93 to 160 d (Trial 1) and from 105 to 178 d (Trial 2) for the large-framed Charolais-cross steers. However, respective increases in finishing days on feed were smaller for Hereford (78 to 127 d, Trial 1 and 88 to 126 d, Trial 2) and for the Angus-cross (81 to 126 d, Trial 2) steers. Finishing days on feed were reduced (P < 0.05) for the Long relative to the Short backgrounding program in Trial 1 (Table 4) . Dolezal et al. (1993) found that large-framed cattle required greater days on feed to achieve a specified backfat thickness than mediumframed cattle. The achievement of a greater degree of lean maturity explains the shorter finishing days on feed for steers subjected to the Long backgrounding program.
A breed type × backgrounding program interaction (P < 0.03) was noted for finishing backfat accretion in Trial 1. Following the Short or the Long backgrounding program, finishing backfat accretion rate averaged 0.06 mm for the large-framed Charolais-cross steers. However, the medium-framed Hereford-cross steers had a finishing backfat accretion rate of 0.07 and 0.09 mm, following the Short and the Long backgrounding program, respectively. Finishing backfat accretion rate was greater (P < 0.05) for the medium-framed Herefordand Angus-than the large-framed Charolais-cross steers in Trial 2 (Table 5) . Coleman and Evans (1986) found finishing backfat deposition to be faster for smallframed, older and less-restricted steers than for largeframed, younger, or more-restricted steers. The authors indicated that rate of backfat gain is influenced by proximity to physiological maturity at the initiation of finishing.
A backgrounding program × USBFEP interaction (P < 0.01) was noted for the rate of increase in USREA during finishing in Trial 1. Increasing the length of the backgrounding program when steers were fed to the 6-mm USBFEP decreased the rate of increase in USREA from 0.25 to 0.13 cm 2 /d. However, when fed to the 12-mm USBFEP, increasing the length of the backgrounding program only decreased the finishing US-REA gain from 0.20 to 0.18 cm 2 /d. This interaction is related to the two-way interaction for final USREA, discussed previously. The rate of increase for the US-REA was greater (P < 0.05) for the 6-mm than for the 12-mm USBFEP in Trial 2. This result can be attributed to declining growth rate with greater maturity.
Carcass Characteristics. Effect of treatment on carcass weight in Trials 1 and 2 were consistent with treatment effects on final live BW mentioned previously. The large-framed Charolais-cross steers (Trials 1 and 2), the Long backgrounding (Trial 1), and the 12-mm USBFEP (Trials 1 and 2) all resulted in heavier (P < 0.05) carcasses (Tables 6 and 7 ). Charolais-cross steers had greater (P < 0.05) marbling scores than Hereford-cross steers in Trials 1 (Table 6 ) and 2 (Table 7) , but were not different from Angus-cross steers in Trial 2. The ability to fatten at earlier ages and weights often results in greater marbling scores for small-framed than for large-framed cattle when compared at similar ages or weights (DeRouen et al., 1992) . Large-framed steers have been shown to obtain a specified level of marbling at a lower percentage of total separable fat relative to small-frame steers (Tatum et al., 1986b) . Greater (P < 0.05) marbling for Angus-than Hereford-cross steers indicates that marbling scores were dependent on breed type and not frame size. Superior marbling has been reported for Angus than for Hereford cattle when compared at equal age, live body weight, or fatness (Dubeski et al., 1997a,b) . However, Gregory et al. (1994) found Angus and Hereford cattle to have similar marbling scores when compared at equal age. Similar marbling scores have been reported for Angus and Charolais steers when compared at equal fatness or stage of maturity (Barber et al., 1981; Baker and Lunt, 1990) . In both trials, the 12-mm USBFEP resulted in greater (P < 0.05) marbling scores than the 6-mm USBFEP. Data from Damon et al. (1960) suggest a strong relationship between marbling and overall fatness.
Treatment effects on rib section weight in Trials 1 (Table 6 ) and 2 (Table 7) are consistent with treatment effects on hot carcass and final live body weight, as was mentioned previously. The proportion of bone in the rib section was lower (P < 0.05), whereas the proportion of lean was greater (P < 0.05) for the large-framed Charolais-than the medium-framed Hereford-cross steers in Trial 1 (Table 6 ). However, these differences were not observed in Trial 2 (Table 7) . Kempster et al. (1982) reviewed lean:bone ratios for various sire breeds and found progeny from Angus and Charolais bulls to have higher lean:bone ratios than progeny from Hereford bulls. The 6-mm USBFEP resulted in a greater (P < 0.05) proportion of bone in the rib section than did the 12-mm USBFEP in both trials, a result consistent with changing proportions of carcass muscle, fat, and bone with time on feed (Berg and Buterfield, 1976) .
A backgrounding program × ultrasound backfat end point interaction was noted (P < 0.04) for proportion of lean in the rib section in Trial 1. The proportion of lean in the rib section following the Short backgrounding was 55.1 and 48.9% for the 6 and the 12-mm USBFEP, respectively. Following the Long backgrounding, the proportion of lean in the rib section was 54.7 and 50.9% for the 6 and the 12-mm USBFEP, respectively. The smaller change in proportion of lean in the rib section when going from the 6 to the 12-mm USBFEP after the Long backgrounding program reflects the greater ability of steers to recover from longer backgrounding when fed to fatter end points, as mentioned previously for final USREA. As expected, the proportion of fat in the rib section was lower (P < 0.05) for the 6-than for the 12-mm USBFEP in both trials (Table 6 and 7). Marbling scores: 0 = devoid, 1 = Traces, 2 = Slight, 3 = Small or greater.
The large-framed Charolais-cross steers had a lower (P < 0.05) proportion of s.c. and a greater (P < 0.05) proportion of intermuscular fat than the Hereford-cross steers in both trials (Table 6 and 7). Angus-cross steers were not different from Charolais-or Hereford-cross steers in Trial 2. The Short backgrounding resulted in a greater proportion (P < 0.05) of body cavity fat and a lower proportion (P < 0.05) of intermuscular fat than the Long backgrounding in Trial 1. The 6-mm USBFEP resulted in a higher (P < 0.05) proportion of body cavity fat than the 12-mm USBFEP in both trials. This was accompanied by a decrease (P < 0.05) in the proportion of intermuscular fat in Trial 1. Lower proportions of s.c. and higher proportions of internal fat have been associated with increased frame size (Tatum et al., 1986b) and with Continental vs British cattle breeds. With body cavity fat depots maturing earlier than intermuscular depots (Pá lsson, 1955) , greater intermuscular Means within main effect in the same row with different superscripts are different (P < 0.05).
than body cavity fat would result from older or fatter cattle.
Implications
These results indicate that management can be manipulated to fit cattle to specific markets. Operators involved with value-based marketing programs that target superior marbling scores could incorporate feeding cattle to a 12-mm backfat thickness. Of the three breed types used in this study, Hereford-cross cattle would be expected to perform poorly in such programs. Programs that target larger, leaner carcasses should incorporate a feeding program based on large-framed late-maturing cattle finished to a 6-mm backfat thickness, following a 126-d backgrounding program. Operators involved with value-based programs that target carcasses with high lean content, superior marbling, and lighter carcasses need to consider the negative effects of longer backgrounding programs or feeding to fatter end points particularly for large-framed cattle. These include larger carcasses, reduced lean content and in the feedlot, poorer gains and feed:gain ratios.
